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ABSTRACT 
The melt viscosity of particulate filled polymers 
is influenced by the aspect ratio and clustering of 
the filler, as well as its volume fraction. Poly(n-
butyl acrylate) ionomer was filled with calcium 
carbonate, potassium chloride, and talc. The first 
formed pearl necklaces, the second remained isometric, 
and the third contained rod-shaped crystals. 
Viscosities were measured as functions of temperature 
and filler concentration, and analyzed via various 
rheological equations. The viscosities were raised by 
the non-isometric shaped filler particles. 
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INTRODUCTION 
During melt processing, linear polymers undergo 
flow. The addition of inert solid particles to the 
po 1 ym er inc re a s es it s me 1 t vis cos it y [ 1 , 2 ] . Exp er i -
mentally, viscosity increases have been found to be 
influenced by numerous factors such as particle 
geometry (filler size, shape, and mass), volume 
fraction of filler, thermodynamic conditions of the 
system, polymer-filler interactions, and extent of 
adhesion [3]. 
Investigators are presently conducting studies 
involving a multitude of fillers. Saini, et al. [4] 
discovered that ferrite filler significantly increased 
the melt viscosity of a polymer causing it to exhibit 
non-Newtonian flow behavior. They also noted the 
format ion of a g g 1 om er ates due to part i c 1 e -part i c 1 e 
interactions in lower viscosity matrix systems. 
Pukanszky, et al. [SJ investigated polypropylene 
containing dispersed calcium carbonate, Caco 3 , and 
elastomer particles and showed that, upon separation 
of the effects, the filler exerted a larger than 
expected influence on the rheological properties. 
Chapman and Lee [6] observed interparticle association 
in talc-reinforced polypropylene while none was 
reported in the calcium carbonate-polystyrene system 
2 
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studied by Tanaka and White [7] and White, et al. [8]. 
Fillers great 1 y affect polymer properties but only 
recently has the concept of interparticle associations 
received significant attention. 
It is the purpose of this paper to present 
experimental data obtained with a concentric-cylinder 
rheometer [9], illustrating the anomalous viscosity 
behavior of ionomeric poly(n-butyl acrylate), PnBA, 
filled with talc, potassium chloride, KCl, and calcium 
carbonate. The dependence of melt viscosity on 
temperature, filler concentration, and particle 
geometry was examined. 
EXPERIMENTAL 
Synthesis 
A six-inch-square glass plate sandwich with an 
EPDM cord gasket, lined with clear poly(vinyl 
chloride) film was filled with n-butyl acrylate 
containing 10 mol % acrylic acid anhydride (AAA) (a 
temporary crosslinking agent), 5.5 wt % dodecane thiol 
chain transfer agent, and O. 4 wt % benzoin as the 
photoinitiator. Polymerization was complete after 
72 hours of exposure to UV light (10,11]. The 
poly(n-butyl acrylate) was hydrolyzed in a 10 wt% 
aqueous ammonium hydroxide solution for 12 hours. 
The polymerization (12] and hydrolysis [13] 
proceeded as follows: 
+ CH2 = yH 
C=O 
6 
C=O 
CH2= CH 
.., R{CH2-yH3s{CH2-yH} 
'r=O C=O 
(¢Hzh ~=O 
CH3 {CH2-CH2} 
l Nfi.iOH 
R-(CH2-yr8s-[CH2-9H} 
i=O b=O 
I I (yH2h NH3H+ 
CH3 
The resulting polymer is a slightly basic ionomer. 
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Appropriate samples were sent to Galbraith Laboratory, 
Knoxville, Tennessee. The results shown in Table 1 
indicate approximately 4.5% of water remained in the 
ionomer. The carboxyl groups appear to be 
quantitatively neutralized with ammonium 10n. 
Intrinsic Viscosity 
Intrinsic viscosity experiments were performed to 
determine the molecular weight of the polymer. 
Measurements were made at 25°C using a Ubbelohde 
viscometer with acetone as the solvent. 
The Mark-Houwink equation [14] was used to 
determine the viscosity-average molecular weight, M , 
V 
[n] = K M a 
V 
(1) 
where [n] is the intrinsic viscosity, K = 6.85 x 10- 3 
ml/g and a= 0.75 [15] for this system. The molecular 
weight obtained was 1.28 x 10 4 g/mol. 
Melt Viscosity 
Three uncoated fillers obtained from Aldrich 
Chemical Company were incorporated into the 
poly(n-butyl acrylate): potassium chloride, calcium 
carbonate, and talc. 
The melt viscosities of the homopolyrner and the 
filled polymers were measured using a Rotary B 
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Viscometer, Nametre Company. It had a temperature 
range of ambient to 120°C. At the commonly used 
200 RPM, a maximum shear rate of 58 sec-l was 
calculated. Two coaxial measuring systems (spindles), 
the N-1 and N-7, were used to facilitate the 
measurements. 
The viscosity calculation [16] was based on 
Newton's premise that torque is proportional to shear 
rate where the torque is derived from the motor 
current, and the shear rate is a function of the 
spindle container size and motor speed: 
n = n(motor current)/(motor volt.)(spindle constant) (2) 
where n represents the melt viscosity. 
' 
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THEORETICAL 
Apparent Activation Energy 
The apparent activation energy of the polymers 
was determined using the Arrhenius equation (17]: 
n = A exp (6E/RT] (3) 
where A 1s the equation constant, 6E 1s the activation 
energy, R 1s the gas constant, and T is the 
temperature. 
Modeling the Data 
Several semi-empirical expressions have been 
obtained by various investigators to describe the 
rheological properties of a monodisperse suspension of 
spherical particles. Mooney, equation (4), and Guth-
Smallwood, equation (5), theories [18] generally gi\·e 
better agreement at lower filler concentrations. The 
modified Guth-Smallwood equation gave a fit similar to 
that of the unmodified Guth-Smallwood equation. Thus, 
(4) 
(5) 
where n and n
0 
represent the viscosities of the filled 
and unfilled polymer, respectively, and V f is the 
volume fraction of filler. The constant 2. 5 in the 
7 
above equations, of course, comes from Einstein's 
equation for dilute dispersions of spheres [3,19). 
Eiler, equation (6), [18) is another expression 
that has been used to define the viscosity of 
concentrated spherical suspensions: 
These equations give a prediction based solely on 
volume fraction of filler, regardless of filler type 
or shape. The Tsai and Halpin, equation (7) [18], a 
modified Kerner equation, is yet another: 
where A= (7 - Su)/(8 - lOu) 
B = (n/n
0 
- 1)/(n/n
0 
+ A) 
v = Poisson's ratio 
A value of 0.485 was assumed for Poisson's ratio. 
This equation considers filler type as does Simha's 
(8) equation [3] and Kuhn and Kuhn's (9) equation [3]. 
The latter two equations also consider filler shape. 
Thus, 
n Iv= (14/15) + {(p2/s) [(1/3[ln Zp - >.]) + 
sp f 
(1/ln 2p - >. + 1)]} (8) 
8 
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where p = weight average aspect ratio 
A = 1. 8 for rods 
n
5
p = the specific viscosity 
n /Vf = 2.5 + 0.4075 (p-1) l. 50S 
sp (9) 
Here, the polymer melt 1s assumed to play the 
"solvent" role. 
9 
RESULTS 
The ionorneric PnBA was filled with various levels 
of KCl, talc, and CaCO... Melt viscosities were 
.) 
measured between 80° and 115°C. 
Melt viscosities as a function of filler 
concentration are shown in Figure 1. At 30 vol % 
filler, the CaC0 3-filled polymer was too viscous for 
the instrument to measure (above 25,000 cp) though the 
mixture did not undergo gelation. A comparison of the 
experimental data to the viscosities predicted 
theoretically are presented in Table 2. 
Figure 2 presents an Arrhenius plot of KCl-
filled PnBA ionomer. The melt viscosity Arrhenius 
constants for the various polymer systems are 
presented in Table 3. 6E for the homopolymer was lower 
than those reported for the f i 1 led sys terns. An 
average activation energy of 51 kJ/rnol was obtained 
for the talc and Caco3 filled systems while the 
KCl-filled PnBA activation energies appeared to 
increase with filler concentration. 
Optical rnicrographs of the filled PnBA are shown 
1n Figure 3. It was noted that the Caco3 particulates 
appeared to be gathered into pearl necklaces with 
10 
various aspect ratios. The aspect ratio frequency is 
tabulated in Figure 4, the weight-average number of 
particles in the necklaces being about six. The 
weight-average aspect ratios for the rod-like talc and 
isometric KCl are 4 and 1, respectively. 
11 
DISCUSSION 
Neutral or basic additives are preferred if the 
polymer is to be cured since acidic ones interfere 
with the curing process [2]. It might be interesting 
to note here that calcium carbonate is basic, KCl is 
neutral, talc is neutral or slightly basic, and 
poly(n-butyl acrylate) is basic. This implies that no 
filler-matrix covalent bonding occurs [20]. 
The rubber industry has been incorporating 
fillers and using them to their advantage for years. 
Calcium carbonate is used for high loading and low oil 
absorption in processed goods or as a processing aid. 
Talc is also incorporated as a processing aid; it has 
been applied commercially due to its excellent 
dispersability [21]. 
Melt viscosities as a function of filler 
concentration are shown in Figure 1. Above 20 vol. % 
filler, the increase of viscosity with filler 
concentration is exponential. These results are 1n 
agreement with those reported by Saini, et al. [ 4]. 
Table 2 presents a comparison of the experimental 
viscosities to those theoretically obtained. The Tsai 
and Halpin equation is not suited for rubbery 
predictions while the other equations (Mooney, Guth-
12 
Smallwood, and Eiler) are designed for suspensions of 
spherical particles. The best fit was that of KCl to 
the Guth-Smallwood equation. This would be expected 
since KCl has the most spherical-like structure of the 
fillers used. It should be emphasized though that 
none of these equations account for the influence of 
particle size. 
The shape of the KCl filler particles is iso-
metric; the particles are widely dispersed throughout 
the polymer. The talc is flake-like with some 
rod-shaped particles present; it is much more finely 
dispersed than the KCl. The increased filler density 
1n the talc-filled matrix explains the higher 
viscosity data obtained from this system. 
The calcium carbonate particles formed pearl 
necklaces that had the appearance of strings separated 
by regions of unfilled polymer. The individual 
crystals that composed the string appeared prismatic 
in shape. As the percentage of CaC03 was increased, 
the resulting aggregates would be expected to increase 
the viscosity much more dramatically than one of the 
dispersed fillers as was shown to be true 
experimentally. 
The viscosity of 30 volume percent calcium 
carbonate filled PnBA could not be measured. It is 
possible that a three-dimensional structure is formed 
13 
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at this point. Viewing Figure 1, the state of 
aggregation may depend on filler concentration. 
The Caco3 strings had various apparent aspect 
ratios with the weight-average being 6; this is 
illustrated in Figure 4. To obtain a theoretical 
calculation, that approximated the viscosity obtained 
experimentally, Kuhn and Kuhn's equation [3] yielded 
an aspect ratio of eleven. This suggests a possible 
dependence of the degree of aggregation on the 
presence of shear flow. Association of particles has 
been reported previously [22] though not by Tanaka and 
White [7] and White, et al. [8]. 
Table 3 presents the melt viscosity Arrhenius 
constants. The apparent activation energy appears to 
remain constant (within experimental error of the 
equipment) for the talc and Caco 3 filled samples ~hile 
the constant A increases with concentration. 
14 
CONCLUSIONS 
Melt viscosities of ionomeric PnBA filled with 
various levels of KCl, talc, and CaC0 3 were determined 
between 80° and 115°C. The viscosities increased with 
non-isomeric shape of the filler particles. The 
rod-shaped talc particles resulted 1n higher 
viscosities than the isometric KCl particles. The 
Caco3 particles formed pearl necklaces; their state of 
aggregation appeared to depend on filler concentration 
or shear flow. All of the filled systems displayed 
non-Newtonian behavior with the major increase 
occurring above 20 vol % filler, in an exponential 
manner. 
The activation energy appears to remain constant 
1n the case of talc and CaC03 while that of KCl 
appears to depend on filler concentration. The 
constant A increases with filler level. 
15 
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Table 1. Experimental Analysis of Ionorner PnBA 
Element 
C 
H 
N 
0 
Galbraith% 
58.10 
9.64 
1. 19 
2 9. 5 5 
lG 
Theoretical % 
63.87 
9.19 
1.13 
25.81 
------~-
Table 2. Theoretical Predictions of Viscosity 
Filler/Equation 10% Filler 20% Filler 30% Filler 
Experimental 
Talc 
KCR. 
CaC0 3 
Theory-Spheres 
Mooney 
Guth-Smallwood 
Eiler 
Theory-Shape Factors 
Tsai and Halpin 
Talc 
KC£ 
CaC03 
Kuhn and Kuhn 
Talc (p=4) 
CaC0 3 (p=6) 
Simha 
Talc (p=4) 
CaC03 (p=6) 
Viscosities in cp 
1 Pa•s = 1000 cp 
2300 3320 13500 
1490 3400 8140 
1845 6090 
1860 2792 5080 
1947 2890 4227 
1827 2489 3584 
1473 1665 2447 
1409 1470 2251 
1440 1848 
2016 2632 3248 
2366 3332 
2408 3430 4438 
2618 3836 
1~ 
Table 3. Melt Viscosity Arrhenius Constants 
for Filled PnBA 
Filler Type 
Homopolymer 
Talc 
KCi 
1 Pa·s == 1000 cp 
% Filler 
0 
10 
20 
30 
10 
20 
30 
10 
20 
20 
tiE (kJ/mol) 
33.2 
55.4 
47.5 
47.5 
34.6 
55.4 
7 6. 2 
55.4 
47.5 
A (cp) 
796 
898 
1636 
5541 
735 
1212 
1604 
793 
2922 
Viscosity Of Filled PnBA (T= tx:rC) 
FILLER 
oTALC 
140 • KCI 
> 
I-
120 
v; 60 0 
~ 
> 
20 
0 
Figure 1 
,Cac0:J 
I 
I 
10 20 
PERCENT FILLER 
21 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
30 
-' 
Arrhenius Plot Of KCI- Filled PnBA 
FILLER 
9.5 0 10% 
+ 20% 
• 30% 
I / / 8.5 I I 
/ 
C: I + I 
/ 
C: I • / 
-
7.5 
0 
6.5 
2.55 2.65 2.75 2.85 
1,- X 103 (~) 
Figure 2 
22 
I 
1' 
(c) 
Ootical Micrqgraohs Of ~% Filled PnBA 
la)Talc (blKCI lcJCaCOJ 
Figure 3 
23 
\ 
\ 
\ 
I \ 
' i ) 
/ 
/ 
/ 
10 
8 
6 
>-
u 
z 
w 
::::::, 4 
0 
w 
a:: 
u.. 
2 
0 
Figure 4 
Apparent Aspect Ratios Of The 
Ca~ Particulate Strings 
-
- -
- -
-
- -
n 
2 4 6 B 
ASPECT RATIO (L/w) 
24 
1 
